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ABSTRACT
The object of this project is to study the electret properties of silicon
dioxide coating. Silicon dioxide coatings were produced by microwave
plasma chemical vapor deposition under various conditions such as pressure,
flow ratio, power, etc.. DC bias, thermionic emission and corona charge
were used to produce charges in the silicon dioxide film. The results include
measurements of deposition rate of silicon dioxide, the absorption
wavenumbers, the thickness and index of silicon dioxide coating. The
electret properties were focused on the charging process, charge distribution
and charge decay rate.
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1. INTRODUCTION
An electret is a dielectric material in which free electric charges are
trapped, and stored for long periods of time. This electrification has been
used in a wide variety of applications. Electrets can be produced as flexible
thin films, which are useful as transducers, in electrophotography, and
numerous other applications. Electret products have widespread commercial
acceptance because of their simplicity and low cost.
Electrets may comprise three kinds of charges which can exist at the
same time in the material, (a) surface charges, positioned at or near the
surfaces of the dielectric; (b) space charges deeply trapped in the insulating
materials; (c) permanent or induced dipoles.
There are many ways to form electrets. The first method used to make
electrets was thermal polingt1!. Corona discharge is probably the currently
most widely used method. Other methods include thermal charging,
isothermal charge deposition, charging with liquid contact, penetrating
radiation, photoelectret process and even partially penetrating electron and
ion beams, which can all be called injection methods. Sessler has introduced
the basic concept of the electret, its methods of modification, techniques to
study the properties of electrets, and applications!^]. This systematic
introduction made a great contribution to the development of electret theory
and experiment. Gross reviewed the research and development of electrets
during the past fifty years, and the theory of charge distribution and decay in
different systems!3].
Electrets are made of insulating material. Whether an electret is good
or not is related to the insulating material chosen. The material should have
high dielectric strength to deeply trap the electrical charges and not lose the
charges for as long as possible. There are many types of measurement to
determine the characteristics of electrets, such as charge density, charge
distribution, and the time decay of charges. But the lifetime for charge
trapping is a common characteristic which is usually measured for electrets.
In this work, we use a microwave plasma in HMDSO/02 mixtures to
produce a dielectric film of silicon dioxide. Thermionic emission and
corona charge were used to produce charges that could be trapped in films.
Properties of the electret thus produced were studied by electric field
measurement and thermally stimulated discharge (TSD).
1.1 History of Charging and Polarizing Methods
Although many phenomena associated with electrets have been
studied since 1839, the first actual electrets were made in 1919 by the
Japanese physicist Mototaro Eguchi HI. He melted wax and put it in a resin
solvent. Then he applied a strong electric field to the solvent while the wax
was being cooled to crystallize. The resolidified wax was found to be
polarized. These wax electrets were used in transducers (earphones, etc.),
but this kind of electret does not sufficiently have stable electrification to
produce high quality products.
In 1937, G. Nadjackov obtained the first sulfur electretsKl, called
photoelectrets. Some dielectric materials have the property that light
radiation will transform them from a non-conducting to a conducting phase.
After the termination of light, the material is polarized. This technique was
applied in paper printing. In 1948, it was found that electrets could be made
from many thermoplastic materials, and since 1960, electric charge injection
was introduced as an electret making method. Since then, many methods of
making electrets have been discovered, based on the concept of generating
or introducing charges in the film.
In an article by R. M. Marsolaist5], charging was produced by an
electron monchromator which produced monoenergetic electron beams to
impinge on dielectric films which had been vacuum deposited on metallic
substrate. Some of the electrons were transmitted through the film to the
metal, some were trapped in the film, and others were reflected back to the
vacuum. The surface potential energy difference between charged and
uncharged film is given by AV = ^r , where Q(t) is the charges
accumulated in charging and C is the effective capacitance.
Corona charging has been demonstrated as a way to produce electrets.
J. M. Langlois used corona charging to induce an inversion layer in a
semiconductor [6]. The operation of some kinds of transistor, such as metal-
oxide-semiconductor field-effect transistors, nonvolatile memory transistors
etc., depends on this inversion layer in silicon. Figure 1 gives a general idea
where the inversion layer is located. This inversion layer can be obtained by
applying a field to trap the charges. Since these electrets may be transparent,
they can be considered for application in optical devices.
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Figure 1 The location of inversion layer
Figure 2 shows the current decay from drain to source.
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Figure 2 The current decay from drain-to-source after corona charging
It was shown that the decay process can be divided into two parts, an
initial decay and a slow decay. The decay time was varied from device to
device from minutes to one day, and the slow decay constant could not be
measured. The decay may interpret as charge exchanging between insulator
and semiconductor.
Hilczer has studied the polarization property of dielectric materials!7].
He used FEP film as a base film so that the comparison can be made
between different polarization methods. He selected different dielectric
materials to optimize performance for each charging method. He studied the
space charge distribution of electrets (Figure 3) and gave the following
equations for the electric field strength:
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Figure 3 The model for space charge distribution calculation
Thermal poling of polymers has also been used to form electrets!8].
Polyethylene was treated with aluminum deposits on both surfaces. It was
annealed at 70 c overnight and then was subjected to an applied electric
field for 30 min at 65 c. The sample then was short-circuited overnight
again for measurement. It was tested by the Laser Intensity Modulation
Method (LIMM). This technique was influenced by the gradient of
temperature and modulation frequency. The dipoles and space charge are
not distributed uniformly.
In 1980, Saieha and Klemberg noted that electrets always showed
positive sign after plasma polymerization!9]. Saturation of charging can be
observed as a function of thickness of film. The physical/chemical nature of
the deposits were not discussed in this report, although that is a very
important factor in charge retention, since plasma polymerization will
produce various kinds of polymer under different conditions. Also, negative
electrets can not be made by using only plasma polymerization . In 1985, in
a detailed paper describing the properties of plasma polymer electrets, it was
found that the films produced in high frequency glow discharges under
proper conditions could act as electrets!10]. It should be mentioned here that
those deposits are formed in plasma i.e. the sample holder was placed in the
plasma region. In the present thesis, we focus on samples coated down
stream of the glow region; the deposits show no charges under those
conditions.
1.2 Film Preparation
Chemical vapor deposition techniques have three main branches,
atmospheric-pressure chemical vapor deposition (APCVD), low pressure
chemical vapor deposition (LPCVD) and plasma enhanced chemical vapor
deposition (PECVD). Bhushan and Muraku researched the stress of silicon
dioxide deposits formed by these three techniques I11!. The samples were
prepared on silicon wafers. The stress is calculated by:
( E A
h2 1
o= x t-x
U - v J 6t R
where the unit of stress is dyne/cm2; E = Young's modulus of substrate; v =
Poisson ratio of substrate; h = thickness of substrate; t = thickness of film.
Among the three techniques, PECVD shows very stable stress and produces
much cleaner surface of silicon dioxide films. The absence of water in
PECVD makes the silicon dioxide film more stable. Another observation is
that PECVD deposits are highly cross-linked.
Plasma polymerization for coating; primarily RF plasma is widely used
today. O. Takai mentioned it as a tool for generating hard silicon oxide
films at low substrate temperatures t12!. Figure 4 shows an infrared spectrum
of prepared coating. From Figure 4, the absorption band near 1 100 cnr1 is
due to the -Si-O-Si- bond, while the SiCH3 absorption around 1200 is
comparable small. Gases used in this experiment were oxygen and
tetramethyldisiloxane (TMDSO).
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Figure 4 Infrared spectrum for a transparent hard film on Ge
Takamatsu mentioned that plasma-activation technique could produce
silicon dioxide film with stable moisture resistance property at high RF
power density and low deposition pressure!13!.
Wertheimer and Klemberg-Sapieha have given a review of the uses of
microwave plasma polymerization!14]. Microwave plasmas attain high
deposition rates and allow some control of the structure of the coating. The
deposition rate varies with gas flow rate, chamber pressure, substrate
temperature and microwave power density. Increased Si02 like properties
can be observed with increased substrate temperature and power density.
They also give an overview of the anticorrosion and adhesion properties of
films formed by microwave plasma polymerization. It is found that as the
temperature increases, the coating can provide more protection from
corrosive environments. It was mentioned that film weight would change
not only by particle bombardment but also UV irradiation in microwave
plasma. Also, microwave plasma can modify the surface structure of the
substrate to produce more adherent deposits.
Microwave plasma is produced by radiation sources in the range of IO9
~ IO12 Hz!15]. Microwave power generated electric field can transfer energy
to gas molecules without the need for electrodes. DC plasma and some rf
plasma needs electrodes to maintain plasma. Thus the system formicrowave
plasma can be much simpler than RF and DC plasma. Also, "cold" plasma
can be obtained in microwave plasma, which the plasma has the typical glow
discharge advantage of high temperature in electrons but low temperature in
gas. This advantage can avoid having the reaction products in microwave
plasma change the structure of the substrates due to high temperature.
1.3 Properties of Electrets
Many methods of measuring electret properties have been introduced.
An electrophorus was one of the earliest instruments used to study the
quantity of charge in a body; this was eventually replaced with the
electroscope. Ultrasonic vibration (30 to 140 kHz) was introduced to study
electrets!16]. It has high sensitivity and stability but it requires a good
vibrating device, which has been difficult to design to date. Laser-intensity-
modulation method (LIMM) was introduced from which one can determine
the stored charge distribution with the same results obtained by using other
measuring methods!17]. But, as mentioned before, the other results are
affected by modulation frequency!8]. Kador and Haarer studied polymers by
Stark spectroscopy and concluded that dielectric material in an electric field
can be injected by free charges, which build up an electric field inside the
sample!18]. Laser pulse heating can test every action of electrets in
picoseconds. It is useful for studying short time charge decay or the initial
surface potential!19]. Thermally stimulated discharge (TSD) is also used,
with the advantage that it shortens the time of studying the electrical
properties of electrets. In a paper by Dias, Teflon FEP was used in corona
charge experiments. The characteristics of Teflon electrets was carried out
by TSD!21]. Figure 5 shows the TSD current as a function of temperature.
Table 1 show the charge types and their distribution by corona. It may vary
on differentmaterials, but should maintain the same pattern.
TSD measurement can analyze the charge distribution and deep trap
status by observing current peaks as a function of temperature. Comparing
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control sample and charged sample, it can tell which peaks are caused by
space charges and which peaks are characteristic of the film. Figure 6 shows
the TSD measurement of different charged material. The polarization
relaxation occurred at lower temperature than space charge!2]. Although
TSD will permanently damage an electret, it shortens the measuring time.
50 100 150 200
TEMPERATURE [*Cj
Figure 5 Thermally discharge as a function of temperature
Peak temp.
(C)
Location relative to
surface
(Hm)
Activation energy
(eV) Kind of traps
95 0-25 1.0 Energetically shallow
traps under TFL
conditions
155 0-0.5 1.2 Surface Traps
170 0.5-1.8 1.2 Near-surface traps
200 >1.8 1.8 Bulk traps
Table 1 Charge types and their distribution by corona
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Figure 6 Current spectra of different electrets
A rotation probe system was introduced by I. Glator!22] to determine
the charge density on a dielectric surface, which can measure the low
solution charge distribution. Though this assembly can give a chance for
computer analysis on probe's position, the experiment gave some
nonvalueable data because arc had occurred when the probe was too close to
the sample surface.
The electrets were made from an insulating material with trapped
charges in this work. The electrical properties of electrets are influenced by
the polymer chemical structures!23]. Charging polarity effects exist on
different kinds of polymers, which means that negative charging would be
dominant in some polymers, but positive charging dominant in other
polymers. Also, the surface potential decay depends on not only the
charging polarity but also the chemical structure of polymers. For
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polyimide, the polarity of the dominant current is not significant. It is shown
in Figure 7.
In Corona charge, the time constant of charge decay mainly depends on
the structure of the charged film. The purpose of Chubb's experiment is to
avoid static electricity on static control material, but he used corona charge
as a model to charge those material. It is assumed that the charges from
corona are the same kind of charges in static control material. He was trying
to find the relation between charge decay rate and charge generation, and the
charge decay was measured from below 50ms to over 100,000s. The result
is showed in Figure 8!24]. From this study, the charge generation was
compensated by charge decay.
i
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( Alan7 )
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l-C
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Figure 7 The corona charging current in opposite sign for different material
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Figure 8 Corona charge generation and charge decay
for paper on earth surface
Sessler gave an example of charge decay on Teflon FEP as a function of
time shown in Figure 9!7J- It shows that corona charging for unshielded
sample (bare control sample) under room temperature decayed more quickly
than other treated sample but the decay time still lasts for days. Sample
treatment, by metallization, annealing, etc., improved the charge storability
and lowered the decay rate. According to these results, the time decay of
corona charge varies distinguishably for different kinds ofmaterials.
Plenkiewicz calculates the transmitted charging current as a function of
film thickness to illustrate that depth of charges trapped and charge density
can be determined!25]. Wintle observed that slow charge decay was a strict
function of time, independent of its initial value. Long-lived charges stored
close to the sample surface!26].
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Figure 9 Charge decay for corona charged Teflon FEP
in room temperature
It also needs to be mentioned that washing the electrets with deionized
water can be used to test charge decay. The experiment is based on the fact
that a metallized dielectric material will produce compensating ions on the
surface when an electric field is applied to the material. Deionized water
washes these ions into a beaker which contains anodizing electrolyte, and
current can be detected. The result show that this method can test 6 times
higher in surface potential than previously thought!27].
No techniques for charging silicon dioxide film have been found in the
literature. In this work, we will try different methods of charging a formed
or growing silicon dioxide film. Charge decay of electrets is tested versus
time. Also TSD is used for corona charge.
15
2. THEORY
2.1 Theory of the Experiment
2.1.1 Microwave Plasma Polymerization
As introduced above, electrets can contain three kinds of charges,
surface charges, space charges, and dipoles. This experiment studies
electrets containing space charges. As mentioned in Chapter 1, the plasma
was generated by a microwave power supply. The result of microwave
plasma chemical vapor deposition (CVD) may depend on the geometry of
the system, microwave power, gas flow ratio and pressure. Under proper
CVD conditions, high deposition rates can be obtained. A thin coating is
deposited on the chosen substrate. Silicon dioxide is the desired coating to
be obtained, although silicon polymer is also acceptable. We will emphasize
the electrical characteristics of the coating in this work.
Two gases are used for plasma reaction, oxygen (02) and
Hexamethyldisiloxane (HMDSO C6HisSi20). The structure of HMDSO is
the following:
CH3 CH3
GH3 Si O Si CH3
CH3 CH3
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Gas Mixture
Microwave
Cavity
Microwave
Power Supply
Pyrex Cross
V//////////////A
Baratron Pressure
Gauge
Figure 10 System Arrangement 1:
17
We will discuss three methods of producing silicon dioxide, which are
shown in Figure 10, 11 and 12.
The system in Figure 1 is the first system used in the project.
Microwave plasma was generated in a microwave resonant cavity. The
microwave cavity has a high electric field strength that transfers energy to
the electrons in a pyrex tube which crosses the cavity. This tube is not only
used for microwave plasma stimulation but also as a path for the gas
mixture. When the electrons receive energy from the electric field, they
collide with gas molecules, ionize the gas, and form a microwave plasma.
Those charged particles quickly recombine together in a region close to the
microwave cavity, and the neutralized gas moves into the reaction chamber.
The recombined particles are neutral products which would not show
polarity if they were collected outside the plasma region. A sample holder in
the chambermakes it possible to collect neutral coatings. The residual gas is
pumped out of the chamber in the direction shown. This pumping direction
guarantees that the gas passes over the sample holder so that the sample
receives the deposits. The reaction product from the gas mixture is expected
to be Si02; the reaction process is:
C6Hi8S_20 + 1202 -> 6CO2 + 2Si02 + 9H20 (1)
From equation (1), the optimized flow ratio O2/HMDSO would be 12 to 1 in
theory. But it must be considered differently in practice because there might
not be a complete reaction occurred in the plasma. It is possible that only
partial oxidation occurs in the experiment. Equation (1) gives a general
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estimation of the O2/HMDSO flow ratio which should be used in the
experiment to produce silicon dioxide, but SiCH3 bond could also be
produced as well as other silicon compounds. We will look at the ratio of
silicon dioxide IR absorption to that of other compounds, to determine what
kind of reaction process is dominant in each experimental condition.
Figure 11 shows minor changes from Figure 10. A dc voltage supply
was connected to the sample holder. The sample holder was insulated
except for the holder surface. This biasing method was proposed to increase
the positive surface potential of sample holder so that negative charges left
from plasma reaction would be attracted to control samples, while silicon
dioxide was coating on the control sample surface.
In the experimental set-up shown in Figure 12, a dielectric film was
generated by the reaction of HMDSO with plasma activated oxygen. The
pyrex cross was still used as a vacuum chamber, and the sample holder was
a piece ofmetal supported by a rod from a left side metal plate. The sample
holder was located 45 to horizontal. The gas which passed through the
microwave cavity was pure oxygen; HMDSO was injected separately into
the reaction chamber through a tube which discharged at the top of the
sample holder. This design does not block the reaction of O2 and HMDSO
and coating process on the sample surface. In this system, only oxygen was
activated in the plasma tube, producing radicals which reach the center of
the reaction chamber and react with HMDSO close to the sample holder.
The control sample may collect deposits from that reaction. Since most
oxygen atoms recombined before reaching the reaction chamber, the rate of
reaction was less than for system arrangement 1. We know that neutral
19
oxygen molecules do not react with other substances. If the pumping speed
is low, the oxygen molecules stay longer in the chamber and collide with
each other frequently so that more neutral oxygen molecules will be formed
and the reduced reactivity with HMDSO will cause less silicon polymer to
be produced. If the pumping speed is high enough, the single oxygen atoms
would not combine together in the space between the quartz tube and sample
holder unless they hit the chamber wall to recombine or to react with
HMDSO. The deposits produced will be concentrated on the sample
surface.
20
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Figure 1 1 System Arrangement 2: DC Biasing
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Figure 12 System Arrangement 3: Thermionic Emission
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2. 1 .2 Electret Formation
This project concerns space charges trapped in the silicon dioxide. DC
bias has been mentioned in 2.1.1. It was used to attract charges left after
plasma glow discharge. The second method is thermionic emission shown
in Figure 12. The function is to trap electrons produced by thermionic
emission into the growing film.
The electrical circuit for thermionic emission has two functions, to
produce electrons, and to collect electrons at the sample.
The filament is powered by an AC power supply. We want to generate
low energy electrons which can be trapped into the growing film without
penetrating through the film or reflecting back to the vacuum. The filament
power supply heats a
2.5"
long tungsten wire to a high enough temperature
to increase the energies of some filament electrons to escape the surface
barrier.
Figure 13 is the diagram of the electrical circuit for electron gun. The
tungsten wire and sample holder act as two electrodes of a capacitor. A
negative DC voltage is connected to the tungsten wire, and an electric field
between the two electrodes was generated. The potential of the sample
holder is higher than that of the tungsten wire. The direction of electric field
is then from the sample holder to the tungsten wire. Meanwhile, the
tungsten emits electrons. Since the electrons move in the opposite direction
of electric field, the sample holder which was grounded attracts electrons to
its side .
23
Figure 13 The principal of thermal emission
The final approach used here to produce electrets is corona charge. To
the silicon dioxide deposition system shown in Figure 10, we added a
separate charging system described in Figure 14.
Needle
Sample
Metal Plate
= V
Figure 14 Corona charge arrangement
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To make the corona discharge occur, a high voltage power supply is
needed. Since the direction of the electric field is always perpendicular to
the surface of the conductor, and the needle is sharp, the flux will
concentrate on the needle point. As the voltage is increased, the area near
the needle forms a strong electric field and ionizes the air around the needle.
The higher the gas pressure, the smaller the ionized region. The experiment
was done in air. The electric field spreads uniformly to the metal plate. It is
much weaker near the metal plate than that at the needle and no gases are
ionized outside of a small ionization region near the needle; the field outside
that region only has a function to move charges. In this case, the positive
charges will be attracted to the ionized region and only single polarity
charges (negative charges here) move from the needle to the metal plate and
charge the sample which is placed on the metal plate.
2.2 Properties ofDielectricMaterial
2.2.1 Conductivity
The dielectric material was prepared by microwave plasma. Two gases
were used for producing dielectric coating, oxygen and HMDSO. The
estimation of flow ratio is 12 to 1 (O2/HMDSO) to generate silicon dioxide.
Different substrate materials were used for different purposes.
Aluminum foil, silicon wafer kapton and polyimide are among the materials.
A multimeter was used to test the conductivity of the surface of
aluminum foil after being exposed to microwave plasma CVD. If no coating
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was generated on the aluminum foil, the surface of the aluminum foil would
still be conductive and the resistance of the aluminum foil would be close to
zero. If any dielectric products are coated on the aluminum foil surface, the
surface with thick enough coating will show high resistance.
2.2.2 Fourier Transform Infrared Spectrum
The second quantity measured is the infrared absorption spectrum of the
coating. Since every material absorbs radiation at specific wavenumbers,
Fourier Transform Infrared Spectrum (FTTR) is used to find the absorption
wavenumbers and intensities for the unknown material. Table 2 lists the
wavelength which silicon compounds absorb. The peak value of absorption
number will change with different conditions, such as pressure power and
gas flow ratio. Comparing the spectra of the unknown coatings with the
absorption frequency list in Table 2, we can deduce what material was
produced.
2.3 Properties of Electrets
2.3. 1 General Introduction ofElectrostatic Field Theory
Electric charges were first produced by friction phenomena. There are
two kinds of charges, arbitrarily defined as positive charge and negative
charge. Charges with same polarity repel each other, while those with
opposite polarity attract each other. These effects were deduced by
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observing the movements of charged bodies. It was concluded that there
was a force set up by the charges; the strength of the force will depend on
the distance between the bodies by:
F=
qq'
47T8r2
q,
q'
= quantities of charge
e = permittivity = 8.85 x IO"12 far/m for free space
r = the distance between the bodies
With further observation, the uncharged body can be charged by other
charged bodies, their charges having same quantity but opposite polarity,
which is called charging by induction. This phenomenon was used in
electric field measurement.
2.3.2 Electric Field Measurement
The obvious characteristic of electrets is that charges inside polymers
generate electric field around the area. An electrostatic meter can test this
electric field strength and calculate the charge density of electrets by
o =~ (2)
where a is charge density, E is electric field strength and e = 8.875xl0"12.
The equation is only valid when the charge surface is infinity. To apply this
equation, the measurement has to be done when the meter is very close to
the sample surface so that we can assume the distance between the measured
point is much smaller than the surface dimension and area of the sample
surface can be ignored.
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Assignment Range (cm-1) Comments
SiH 2100 - 2260
800 - 960
Strong
Medium
SiOH 3960
3200 - 3400
830 - 950
Weak
Medium
Medium
SiOSi 1000 to 1130 Strong
Bonding constraints lower the
absorption frequency; electronegative
substituents on the Si raise it. Long
chain siloxanes show two broad
absorptions near 1020 and 1090 cm-1
SiCH3 1250 - 1270
750 - 870
Strong; Very characteristic
Strong
SiCH2CH3 1220-1240
1000 - 1020
945 - 970
Medium
Medium
Medium
SiCH2CH2CH3 1200 - 1220 Weak
SiOCH3 2840
1190
800 - 850
Strong
Strong
Medium
Table 2 Characteristic IR-Absorption Bands of Silicon Compounds (in cm-1)
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2.3.3 Thermally Stimulated Discharge
Thermally stimulated discharge (TSD) is a tool commonly used to study
electrets. Figure 15 shows TSD experimental schematic.
shielded box
metal plate
_
JJJJJJJJJJJJIMJJITH
/
heating plate
Figure 15 TSD measurement schematic
The electrets made in this system were all non-metallized (unshielded). Two
electrodes were used, and connected to an electrometer with a precision of
several picoamperes. The charges, whether surface charges or deeply
trapped, produce current in the external circuit depending on the heating
temperature. When samples are heated to sufficiently high temperatures, the
charges trapped obtain energy to travel toward the electrode where the
sample was located. Shallow trapped charges will escape at low
temperatures while deep trapped charges can only move at high temperature.
From this, we can monitor charge storage ability of the electrets.
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3. EXPERIMENTAL PROCEDURES
3.1 Material
The control-film substrates (untreated) were carefully chosen for
different purposes.
1 . Aluminum Foil
Aluminum foil was suitable for testing conductivity if the
coating is a dielectric material. Also, aluminum was useful for
FTTR measurement since there is no need to worry about the
control sample absorption spectrum.
2. Kapton and Glass
Kapton and glass are used to measure the deposition rate of
silicon dioxide. The deposition rate of these two substrates was
compared. There appeared to be an accommodation process on
the substrates when depositing began. The structure of the
coating depends on how the first monolayer molecules stick to
the substrate surface. This will influence the deposition rate.
3. Silicon Wafer
This is used for measuring coating index and thickness by
ellipsometer.
4. Polyimide
Polyimide is not easily polarized in the air. The electric field
strength usually is zero as measured by the electrostatic meter
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testing scale. It is major used in corona charge experiment to
produce electrets.
3.2 Experimental Procedures
A 120 watts KIVA microwave generator supplies radiation at 2.45 GHz
to microwave cavity, building an electric field inside the cavity. The cavity
was fixed to the pyrex tube by an adjustable ring so that the distribution of
electric field is reproducible. The Pyrex tube is 1" diameter,
5" long. This
tube was installed so that it can be replaced conveniently. Once microwave
plasma was generated, the excited radicals including all the elements
required for reaction produce a great amount of silicon dioxide and/or silicon
polymer. These products accumulate inside the tube, make the tube wall
thicker and block the flow path of the mixed gases. Also, the tube was
heated non-uniformly, and would be broken after being used for several
times. The tube therefore needed to be changed periodically.
A sample holder was placed in the center of the chamber so that it can
collect as much deposit as possible. The distance between sample holder
and cavity was variable, and deposition rate was measured as a function of
distance. Pressure and flow ratio were the variables studied in their effect on
the deposition rate. HMDSO was supplied by HULS Petrarch systems; the
formula weight is 162.4, boiling point 99C. It is a vapor liquid of which the
vapor density depends on the temperature. A heating tape was used to
increase liquid temperature in case that the liquid could not provide enough
vapor for the experiment. A Baratron pressure gauge monitored
31
experimental pressure in the chamber. A control valve between chamber
and pump control the pumping speed and therefore control the pressure. The
Baratron is a mechanical gauge which does not depend on gas molecular
weight. But the thermocouple gauge is very sensitive to the liquid vapor,
and is useful to monitor the vapor flow status.
In DC biasing, a dc voltage supply was connected to the sample holder.
It can provide as high as 10 kv voltage, through a wire protected by a
ceramic insulator tube which was mounted to the left side of the metal plate.
When the experiment used the thermionic method, there were many
changes to the system. The metal plates sealing the four arms of the cross
were grounded, and a sample holder was installed at 45C to the horizontal.
Two entrances were used for gas flow. Oxygen flowed in from the top,
HMDSO flowed from the left side. A 2.5" long tungsten wire was supplied
by with two rods, the position of tungsten wire filament is
2" from sample
holder. The two rods were insulated by ceramic tubes. An ac current
provided by a filament power supply passed through the rods and tungsten
wire and built temperature on the wire. The Tungsten wire was consumed
when it emitted electrons. The wire became thinner and thinner and the
current across tungsten changed depending on the diameter of tungsten for a
given applied voltage. It was necessary to replace the tungsten wire after
each experiment. A second voltage supply has a function of accelerating the
electrons to the substrate. This accelerating voltage will move electrons
from tungsten wire to sample holder.
Silicon dioxide electrets can be eithermade by charging in growing film
or charging by corona before or after depositing coating. Corona charge
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system is separate from plasma CVD system. Samples can be treated by
plasma first and placed under corona charge or charged first and than deposit
silicon dioxide over the charged film. A 5 kv Bendix SD-100 high voltage
power supply was connected between a needle and a metal plate. The
distance between needle and metal plate is 8 mm. The needle is Precision
Glide 16G1-1/2. The charge density depends on charging time, applying
voltage and the distance. In the experiment, distance is fixed, we set
charging time and voltage as two independent variables. Corona charge
voltage was adjusted in order to see the differences of initial potential and
charge decay in short time charging, i.e., a voltage was set up so that charge
build up on the surface could be observed. In this way, we can see the
differences in Is, 5s and 10s. Otherwise, the sample will reach the saturation
limit in one second and it is impossible to observe charging process.
3.3 Conductivity in Plasma CVD
The Conductivity method is a simple but very efficient way to know
that a coating has been deposited. It can be used immediately after an
experiment. For a complete measurement, a conducting and non-conducting
material were prepared. Since the nature of the coating is unknown, we are
not sure if the coating is a conductor or insulator. It is assumed that silicon
dioxide can be produced which is a dielectric material, but it is possible that
metallic elements might be involved and form a conducting surface.
Measuring conductivity on a coated aluminum foil can give the non
conducting (i.e. infinity resistance) information if coating is a dielectric
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material. Kapton and glass surface will be conducting if the coating is a
conductor. The multi-meter to measure conductivity in this experiment is a
Fluke 87 True RMS Multimeter.
3.4 Deposition Rate Measurement
We are concerned about the efficiency with which microwave plasma
can produce deposits on the sample surface. It is possible that neutral
molecules interact with sample surface, and the deposit process may be
affected by the accommodation coefficient of the arriving molecules with the
surface. Two different control samples are chosen here, kapton and
microscope cover glass. A Mettler AE240 Balance with precision of
0.00003g was used for measuring weight of samples before and after
experiment. From the difference of weight before (Gb) and after (Ga)
experiment, we can calculate a "deposition
rate"
by the following equation:
h"
Axp (3)
where
h thickness of coating in A
G weight gain G = Ga - Gb
A area of control sample
P weight density of coating, which is assumed here to be that of silicon
dioxide.
The deposition rate (D) would be
^ n (4)
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where the unit of deposition rate is arbitrary.
Samples were stored in a desiccator overnight so that the measurement
would not be affected by water vapor on the sample surface.
3.5 Absorption Test
FUR is used to identify the unknown coating. Every kind of material
absorbs radiant energy at specific absorption wavenumbers. For Si02, the
absorption wavenumbers lie between 1000 and 1130 according to Table 2
and Figure 16 (Si02 spectrum). In the plasma CVD experiment, the
products produced may not be pure Si02 but silicon compounds mixtures.
The unmodified film was measured first. After the film is coated, the
absorption wavelength is different from the unmodified film since the
coating is not the same material as the unmodified film and hence absorbs
different wavenumber. The coated film contains two layers ofmaterial, base
film and the coating, while some wavenumbers were absorbed by base film
but not absorbed by the coating. And some wavenumbers were absorbed by
the coating but not absorbed by the base film. How much would silicon
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Figure 16 Silicon dioxide spectrum
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polymer coating affect the FTIR spectra of the base film is also unknown.
So far, data analysis of coating spectrum depends on the difference spectra
by subtracting the spectrum of the control film from that of the coated film.
Scoating = Smodified - Scontrol
It becomes difficult to specify the wavenumber which the coating really
absorbs if control sample absorbs at too many wavenumbers. The
absorption spectrum of the coating can be obtained by choosing the proper
control sample. The best control sample would be one that does not absorb
at any wavenumber from 400 ~ 4000 nm-1. To fit this requirement,
aluminum foil was used for FTIR test. Its absorption spectrum was not a
perfect flat line, but it shows no specific absorption wavenumber in this
range. After the sample is coated, FTIR spectrum of the coated sample will
only show the absorption wavenumber that coating absorbs. Subtraction is
only to eliminate the off center effect from control sample.
3.6 Ellipsometry
The refractive index and coating thickness was measured by
ellipsometer at Micro-Electronics Department. Ellipsometer is a highly
sensitive optical instrument. It uses light source passing through polarizing
prism and reaches the sample surface. Comparing with reflected light
received from polarizing analyzer prism by adjusting polarizing prism and
analyzer polarizing prism, two independent optical parameters A and \j/ can
be determined. The thickness and index are calculated by following
equation:
37
tan(vF) e^ = ei47m(cos9)dA (4)
3.7 Electric Field
One of the most important characteristics of electrets is that the charged
polymers produce electric fields. A model 5010 non-surface contacting
electrostatic meter was applied to measure the electric field. Since the meter
did not need to contact the sample surface to measure, it prevents charge loss
by surface contact. The charged sample was placed on a
9.5" diameter metal
plate. The metal plate was grounded to the shell of the electrostatic meter.
The way we did that was to avoid reading frommeter drifting. The distance
between sample and meter is also fixed at 11/16" by a cardboard box with a
2-1/8"
x
1.5" hole, placed above the charged sample. The meter was set on
the box; the square hole allowed the meter to measure electric field of the
sample below. Zero adjustment was made first with the box without sample.
The measurement was then made for charged samples. The meter was left
sitting on the cover to measure the electric field decay versus time.
3.8 Procedures for TSD
To determine the charge distribution of a charged sample, different
methods have been used as described in Chapter 1. In this work, we studied
the property of electrets by TSD. Figure 15 has already shown the
systematic of TSD system. Two metal plates form a capacitor; the charged
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sample stays on the bottom plate. A Keithley Instruments 61 OB
Electrometer was connected to each electrode. An Omega CN2012k
temperature controller tested temperature under the sample. Distance
between electrodes was 4 mm (Two 4 mm Diameter glass tubes were placed
on their sides to fix the distance.) Electrodes are shielded by a metal box to
avoid air currents and temperature gradients. The metal box sits on a 15500
Thermolyne hot plate, for which the heating rate was controlled by a
3PN1010 variac supplied by Staco Energy Products. The temperature
increase rate was controlled at 3.5 C/min so that there would be enough
time to trace trapped charge action. The electrometer has a current
sensitivity of 0.001 pA. Current data corresponding to the temperature range
from 30 ~ 150 C was recorded. TSD without charged sample was
measured. No material inside the box will affect TSD for charged sample.
Teflon, kapton and glass can hold high temperature over 270 C without
melting, but 150C was a highest safe temperature for polyimide.
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4. RESULTS AND DISCUSSION
4.1 Experimental Conditions for Plasma CVD
Pressure, power and flow ratio were the three variables for each system
used with each of three Plasma CVD systems discussed in previous chapters.
Tables 3, 4 and 5 show the experimental conditions used with each of the
control samples used: aluminum foil , kapton and microscope cover glass.
4.2 Conditions for Charging Systems
Experimental conditions for the DC bias studies are given in Table 3, 4.
Table 6 gives the conditions for thermionic emission studies, while Table 7
shows the conditions for corona charging. A hand-held non-surface
contacting electrostatic voltmeter was used to measure the surface potential
at a fixed distance from the sample. Samples were measured before doing
the experiment. Polyimide was chosen as a control sample for corona
because it is not easily polarized and the initial surface electric field is close
to zero. It is convenient to study the properties of silicon dioxide electrets
with reference to this zero initial condition.
4.3 Experimental Results
4.3.1 Conductivity
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An ohmmeter was used to test the conductivity of coatings deposited on
various substrates. The probes were gently pressed on the surface, to avoid
puncturing the film. The silicon dioxide coating shows no measurable
conductivity when deposited on aluminum foil. No conducting surface was
formed on kapton and glass substrates by the silicon dioxide film.
Sample Distance Pressure Power Flow Ratio DC Bias
# (inch) (mtorr) (watts) (O2/HMDSO) (kv)
1 4.23 100 10 9:1
2 5.21 100 10 9:1
3 9.71 100 10 9:1
4 5.21 85 10 9:1
5 9.71 85 10 9:1
6 4.23 75 10 9:1
7 5.21 75 10 9:1
8 9.71 75 10 9:1
9 9.71 120 10 9:1
10 5.21 120 10 9:1
11 5.21 120 10 9:1 0.8
12 5.21 120 10 9:1 2.5
Table 3 Aluminum
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Sample Distance Pressure Power Row Ratio DC Bias
# (inch) (mtorr) (watts) (O2/HMDSO) (kv)
1 5.21 150 10 3:1
2 5.21 150 10 6:1
3 5.21 150 10 9:1
4 5.21 150 10 12:1
5 5.21 50 10 9:1
6 5.21 50 10 9:1 6
7 5.21 75 10 9:1
8 5.21 75 10 9:1 1
9 5.21 75 10 9:1 6
10 5.21 85 10 9:1
11 5.21 85 10 9:1 1
12 5.21 85 10 9:1 6
13 5.21 100 10 9:1
14 5.21 100 10 9:1 6
15 5.21 120 10 9:1
16 5.21 120 10 9:1 6
17 5.21 120 10 9:1 0.8
18 5.21 120 10 9:1 2.5
19* 8.75 50 30 6:1
20* 8.75 100 30 6:1
21* 8.75 150 30 6:1
22* 8.75 50 30 9:1
23* 8.75 100 30 9:1
24* 8.75 150 30 9:1
25* 8.75 50 30 12:1
26* 8.75 100 30 12:1
27* 8.75 150 30 12:1
28* 8.75 50 30 12.5:1
29* 8.75 50 30 15:1
30* 8.75 100 30 15:1
31* 8.75 150 30 15:1
Table 4 Kapton
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Sample
#
Distance
(inch)
Pressure
(mtorr)
Power
(watts)
Flow Ratio
(O2/HMDSO)
1 5.21 100 10 9:1
2 5.21 120 10 9:1
3 5.21 150 10 9:1
4 8.73 100 10 9:1
5 8.73 120 10 9:1
6 8.73 150 10 9:1
7 9.71 100 10 9:1
8 9.71 120 10 9:1
9 9.71 150 10 9:1
10 10.9 100 10 9:1
11 10.9 120 10 9:1
12 10.9 150 10 9:1
13 12.6 100 10 9:1
14 13.7 100 10 9:1
15 13.7 150 10 9:1
16 9.71 75 10 9:1
17 9.71 85 10 9:1
18 9.71 100 10 9:1
19 9.71 120 10 9:1
20 5.21 100 10 3:1
21 5.21 150 10 3:1
Table 5 Microscope cover glass
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Table 5 (continued)
Sample Distance Pressure Power Flow Ratio
# (inch) (mtorr) (watts) (O2/HMDSO)
22 5.21 175 10 3:1
23 5.21 200 10 3:1
24 5.21 100 10 6:1
25 5.21 150 10 6:1
26 5.21 175 10 6:1
27 5.21 200 10 6:1
28 5.21 175 10 9:1
29 5.21 200 10 9:1
30 5.21 200 10 10:1
31 5.21 100 10 12:1
32 5.21 150 10 12:1
33 5.21 175 10 12:1
34 5.21 200 10 12:1
35 5.21 200 10 15.7:1
36 5.21 200 10 18:1
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Sample Row Ratio Treat Time Accelerating Power for
# (O2/HMDSO) (min) Voltage
(kv)
Producing
Electron
(watts)
1 12:1 15 50 100
2 12:1 15 800 90
3 12:1 15 800
4 12:1 15 100 100
5 12:1 15 100 100
6 12:1 15 100
7 12:1 18 200 100
8 3.75:1 15 100 100
9 3.75:1 20 50 90
10 12:1 30 84 40
11 12:1 30 300 42
12 12:1 30 200 50
13 12:1 30 100 58
14 12:1 30 150 60
15 12:1 30 300 50
16 12:1 30 300 60
17 12:1 30 150 60
Table 6 Thermionic emission condition
45
Row Ratio
for Charging Charging
Sample Coating Voltage Time
# (O2/HMDSO) (kv) (s) Charging Procedure
1 12:1 3.5 600 pl.+char.
2 12:1 3.5 600 pl.+char.+dep.
3 12:1 3.5 600 pl.+dep.+char
4 12:1 3.5 600 pl.+dep.+char.+dep.
5 9:1 3.5 600 pl.+dep.+char.
6 12:1 2.2 10 pl.+char.
7 12:1 2.2 10 pl.+char.+dep.
8 12:1 2.2 10 pl.+dep.+char
9 12:1 2.2 10 pl.+dep.+char.+dep.
10 12:1 2.2 5 pl.+char.
11 12:1 2.2 5 pl.+char.+dep.
12 12:1 2.2 5 pl.+dep.+char
13 12:1 2.2 5 pl.+dep.+char.+dep.
14 12:1 2.2 1 pl.+char.
15 12:1 2.2 1 pl.+char.+dep.
16 12:1 2.2 1 pl.+dep.+char
17 12:1 2.2 1 pl.+dep.+char.+dep.
Table 7 Corona charging conditions
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4.3.2 Deposition Rate
Figures 17-24 give the results of weight gain measurements as a
function of the plasma variables. This weight gain is then expressed as an
effective deposition rate, as described in the previous chapter. The variable
in Figure 17 and 18 is the distance between sample holder and microwave
cavity with two kinds of control sample, aluminum foil and microscope
cover glass. Pressure in these two figures shows little effect on deposition
rate. The deposition rate ranges from 100 - 137 (A/min) in aluminum, and
twice that on a microscope cover glass for a distance of 5.21 inch. At 9.71
inch, the rate falls to 37 to 50 (A/min). Shortening the distance greatly
increases the deposition rate.
Figure 19 compares the behavior of depositions on two substrate
materials under the same experimental conditions, as a function of pressure.
It shows that pressure variation has only a minor effect on the deposition
rate. On the other hand, the flow ratio of O2/HMDSO is a major factor
affecting the deposition rate. The distribution of deposition versus flow
ratio is plotted in Figure 20 and 21. From Figure 20, flow ratios of 6:1 and
12:1 02:HMDSO are the highest-rate deposition conditions for coating. As
mentioned before, complete reaction of the gas mixture should occur at 12:1
(equation (1)). It has the possibility that pure silicon dioxide was produced
in the experiment. Figure 20 also shows that the deposition rate is
independent of the pressure. The difference between glass and kapton
substrates on deposition rate is given in Figure 21. It indicates that the glass
substrate is more appropriate for studying deposition rate, since the glass
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substrate can obtain more deposit because of accommodation coefficient as
seen in Figure 19 and 21.
The intention of dc bias was to trap charges into the film. As will be
seen later, the electric field measurements show no charges trapped by the dc
bias method, but we observed a relation between deposition rate and bias
voltage. Figure 22 indicates that moderate bias voltage helps gain coating
rate; it can be seen in Figure 23, however, that deposition rate decreased in
each condition with 6 kv bias voltage. The reason is that when high dc
voltage was applied to the system, a competition of attracting more
negatively charged molecules occurred between the sample holder and
electric wire. Even though the wire and sample holder (except for the
substrate ) were insulated to minimize dc plasma, electric field still exists.
Since the electric field intensity depends on the radius of curvature of the
surface, the flat surface has lower intensity density than a needle point at the
same voltage. At 0.8 kv and 2.5 kv, the main reaction occurred at the
surface of the sample holder, and increased the deposition rate. When 6 kv
was applied, the stronger field at the wire attracted charges to the wire, not
the sampler holder, which reduced the deposition rate.
The deposition rate results for system arrangement 3 are shown in
Figure 24. Since the entrance of the two gases is not the same, the
deposition rate not only depends on the flow ratio but also the gas flow rate.
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control sample: microscope cover glass
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Figure 24 The deposition rate for system arrangement 2
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4.3.3 Infrared Characterization of the Coating
After obtaining coatings on the sample surface, we characterized the
coating by FTIR and ellipsometry. Figure 16 gives a reference spectrum for
silicon dioxide. Table 2 contains the absorption wavenumbers of various
silicon bonds. Figure 25 and 26 are FTIR spectra of experiments done in
this work. Table 8 gives the absorption wavenumber of peaks from
arrangement 2. Table 9 listed the frequency of peaks from arrangement 1 . It
is easy to identify the absorption peak between 1267 to 1279, with which
SiCH3 is very close to the reference value. There are peaks also located
around 1 100 cm-l, which can be related to Si-0 bonds. From 1000 to 1200
cm-1, the peak shapes are broad and may contain several peaks. As flow
ratio and pressure are varied, the density of peaks changes as well. It seems
that a nearly complete reaction as described in equation (1) occurred at a
pressure of 225 mtorr, flow ratio 12:1 (Oxygen to HMDSO). Other low
density peaks in different wavenumbers means that reaction other than
equation (1) were also present .
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Arrangement 2
Row Ratio Peak Frequency (cm-l)
70 mtorr 150 mtorr
9:1 874.7,1018.3,1051,1200,
1272.7
1209.3
15:1 1039.1, 1214, 1272.3 486.8,873.7,1018.4,
1184.7,1271.5
19:1 891.8, 1043.7, 1217.2,
1275.1
1002, 1030, 1200, 1293.3
Table 8 Infrared Spectrum of coating for system arrangement 2
Arrangement 1
Row Ratio Peak Frequency (cm-l)
175 mtorr 225 mtorr
9:1 460.9,671.7,801.8,904.9,
1076.9,1133.7,1274.2
437,797.3,842.1,894.5,
1029.0,1117.2,1266.8
12:1 477.4, 670.2, 810.7, 930.4,
1118.7,1184.5,1278.7
450.4, 798.8, 840.6, 899.0,
1036.5,1124.7,1271.2
Table 9 Infrared Spectrum for system arrangement 1
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4.3.4 Thickness and Refractive Index ofCoating
The Ellipsometer is a non-intrusive optical measurement of film
thickness and refractive index. Silicon dioxide has four phases, cristobalite,
lechatelierite, tridymite and quartz. Each has its own refractive index. Table
10 below gives a list of refractive index for each phase.
Phase Index of Refraction
Cristobalite 1.487, 1.484
lechatelierite 1.4588
tridymite 1.470, 1.471
quartz 1.553
Si02JcH20 1.41-1.46
Table 10 Reference of silicon dioxide index
From Table 10, the refractive index of silicon dioxide can vary from
1.41 ~ 1.55. Table 11 shows the refractive index of deposits coated by
microwave plasma polymerization. Those indexes except sample 3 are in
the range of refractive index of silicon dioxide. It indicated that silicon
polymer was produced according to sample 3. From FTIR and ellipsometry
and deposition rate measurement, it can be concluded that silicon dioxide
can be produced at high deposition rate.
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Sample # Exp. Cond. Thickness(A) Refractive Index
1 Control 43.2 3.4875
2 Arrangement 1 717.9 1.41
9:1 (O2/HMDSO)
125 mtorr
3 Arrangement 1 387 1.36
9:1 (O2/HMDSO)
175 mtorr
4 Arrangement 1 1683.5 1.52
12:l(02/HMDSO)
175 mtorr
5 Arrangement 2 753.2 1.40
12:l(02/HMDSO)
150 mtorr
Table 1 1 The experimental result on coating index
4.4 Electret Properties Investigation
4.4. 1 Electric Field Measurement
Once the coating was identified to be silicon dioxide film, the next step
was to trap charges in the film. In DC bias system, though microwave
plasma CVD produces a large amount of ionized molecules in the plasma
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glow region, those molecules recombined quickly once out of the glow
region. Thus most of the molecules reaching the sample surface were
neutral molecules. Figure 26 shows the electric field decay versus time in
semi-log plot. We can observe that there are two decay processes (two lines
in Figure 26). Electric field in the first decay is called initial decay. Electric
field decayed rapidly in very short time from 0 second to 3 min. The second
decay is a deep trapped charge decay, which we are studying here. The
constant and slope of deep trapped charge decay listed in Table 12 were
calculated by natural log of electric field decaying as a function of time. The
decay function is:
E = Ece-kt (3)
we can get
ln(E) = ln (Ec) - kt
Decay constant ln(Ec) stands for the initial surface potential. The slope k
gives the decay rate of electric field. Decay is faster with large k. Different
corona charge conditions are shown in Table 7. In Figure 27 and 28,
constant and slope are plotted as a function of corona charging time.
Covering one layer of silicon dioxide over charged film did reduce the initial
surface potential of samples but extended charge decay time if the sample
was coated first then charged and coated again. The charge decay rate on
plain+dep+charge is slower than plain+charge in short time charging but
faster in high voltage charging and low voltage but long-time charging. The
corona charged sample shows the opposite sign of electric field on opposite
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sides of the sample. Table 13 shows the corona charging condition and the
difference electric field strength between both sides.
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Figure 27 Charge decay of corona charged coated sample
for 3.5 kv 10minutes charging
constant = 1.8010, slope = 0.0935
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Figure 29 Charge decay rate (slope) distribution versus time
Charging Voltage
2.2 kv
2.5 kv
3.0 kv
Difference
8.75 kv/m
19kv/m
35 kv/m
Table 13 Corona charging effect on polyimide (the charging time
= 5s)
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4.4.2 TSD Measurement
The advantage of using TSD is to obtain information on trapped charges
in a relatively short time. Figure 30 shows energy of charges on charged
uncoated polyimide (plain+charge) and coated polyimide at high voltage
condition. TSD for 3.5 kv corona charging shows polarization relaxation at
low temperature. Same thing happened in plain+dep+charge for 3.5 kv and
2.2 kv 10 min charging. We can observe the deep trapped charges in coating
when charged at low voltage for short time from Figure 31.
Plain+dep+charge shows more deeply trapped charges than plain+charge
when charging at low voltage shown in Figure 32, i.e., the charge storability
for plain+charge at 10s is lower than that for plain+dep+charge. In
plain+dep+char+dep experiment, first coating is helpful for keeping deep
trapped charges. From Figure 33, 34 and 35, we can see the peak occurs
below 150c in charge+dep while there is still high current at 150c in
plain+dep+charge+dep. The same thing happened for charging at 3.5 kv 10
min. Thus coating over the heavily corona charged surface still has some
charge storage. Samples charged at 2.2 kv for 10 seconds show that charges
are stored in the samples until the temperature is high enough to allow
charges travel through the sample. (Figures 31 - 34). Low voltage short-time
charging shows that silicon dioxide does have charge storage ability. From
plain+dep+charge plot, the storability is better than that for charged
polyimide.
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Figure 30 TSD measurement for 3.5 kv charging condition
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Figure 31 TSD measurement for charging coated polyimide
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Figure 32 The comparison of charge storability of
coated and uncoated polyimide at same condition
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Figure 33 TSD measurement for coating over the charged polyimide
condition
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Figure 34 TSD measurement for coating over the charged coated polyimide
for short-time low voltage charging
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Figure 35 TSD measurement for coating over the charged coated polyimide
for long-time high voltage charging
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5. CONCLUSION
This work studied the formation of electrets on plasma-deposited silicon
dioxide film. Two steps were required to form a silicon dioxide electret.
The first step was to deposit a silicon dioxide film. Three systems were
designed to produce films under various plasma conditions. The deposition
rate of the plasma CVD coating and characterization of the coating were
studied as a function of plasma conditions. The electric field at the electret
surface was measured and compared for different charging methods and
deposition conditions. Thermally stimulated discharge (TSD) was also used
to analyze the effect of charging by the corona charge method.
From the results described above, under proper conditions, microwave
plasma CVD can produce a high deposition rate of silicon dioxide. The
deposition rate varies with flow ratio and the distance between sample
holder and microwave cavity. The best reaction condition is 12:1 flow ratio
(02:HMDSO), 225 mtorr and 10 watts. There were other silicon bonds in
addition to Si-0 in the coating, as could be seen in FTIR spectrum, but
silicon dioxide generation was dominant for that condition.
DC bias and thermionic emission did not produce measurable silicon
dioxide charging. Unlike the experiment described in the introductiont9],
only neutral molecules arrived at the chamber and the sample collected only
neutral molecules on the surface; thus there were no charges to be attracted
to the surface.
Thermionic emission can produce large amounts of electrons in the
chamber, but the required temperature of the tungsten wire to produce
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emission was so high that it decomposed the thermally unstable polyimide
and PET control samples. Kapton can withstand high temperature, but it is
so easily polarized that meaningful electric field measurement was not
possible. Also, the sample surface was coated with evaporated tungsten that
formed a conducting surface on the silicon dioxide and caused electron
leakage. If these two problems could be resolved, the thermionic emission
could be utilized to make electrets with microwave plasma CVD.
Corona charging can introduce charge storage on silicon dioxide film.
Corona charge gives higher initial surface potential than other methods do.
Also, it was found to be stable and repeatable. Thus, silicon dioxide electret
properties could be studied relatively easily. Electric field measurement as a
function of time after charging provided information on the initial surface
potential of the electrets and on charge decay.
TSD measurements were also used to observe the detrapping of charges
in a short time. Heating will increase the energy of trapped electrons,
permitting them to leave the film; the more deeply trapped the charges, the
more energy (higher temperature) needed. High voltage charging and long
time charging will damage the film and permit the charge leakage.
There seem to be two processes occurring at the same time during
charging. One is that corona charge not only produces space charges in this
experiment but also polarizes the film. This can explain why opposite sides
of the polymer show opposite sign of electric field. If this were due to
polarization alone, the magnitude of the surface fields on the two sides of the
film should be equal. But we observe a difference in the values of electric
field strength on opposite sides of the film. The difference can be related to
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spaces charges also stored in the film. The relaxation time for the various
charge storage processes depend on the temperature. Polarization disappears
at around 60C, while space charges disappear at around 145C, which is
much higher than the polarization relaxation temperaturet2]. Polarization
relaxation does not require charges to move through the film to produce the
discharge current, but free charges need more energy to travel through the
film. Another process occurring at the time of charging is that the film can
be damaged, which could change the charge storage ability of the film as
well as polarization relaxation times. In high voltage charging, possible
damages to polyimide may have been increased charge storability and
lowered the decay rate. This correlates with the observed large polarization
in the TSD measurement. Relaxation dominated the current so that true
space charge current could not be seen.
A similar effect was observed in charged silicon dioxide coated
polyimide. But for this case, only the silicon dioxide coating was damaged,
and this damage hindered charge storage in the coating, and the low decay
rate observed may represent storage of charges injected into the polyimide
from the
"leaky"
silicon dioxide coating. This is further suggested by the
data for charging at 2.2 kv for 10 minutes, where the lower electric field
cannot drive the electrons into the polyimide; the charges are then leaked
out of the damaged Si02- When the coated film was charged under low
voltage for short times, silicon dioxide shows more charge storage ability
than polyimide. Coating one layer deposits over the coated and charged film
worsen the charge decay for short time charging. Pumping the chamber
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where a charged sample was installed can effect its charge decay. It can not
be interpret so far.
Overall, this work demonstrates that silicon dioxide can be obtained
under proper deposition condition to serve as an electret material. The
silicon dioxide coated film had a lower rate of charge decay than bare
polyimide when the film was not damaged. This work gives charge decays
for a "worst case"of charging. The results should improve if the sample is
subjected to additional treatment: annealing, metallization, etc..
Suggestion for further work:
a. further study on the polarization effect of corona charging on
silicon dioxide.
b. improve the thermionic emission system to build charges in the
growing film.
c. study the electret property when the sample has additional
treatments.
d. C-V (capacitance-voltage) experiment can be another input for
studying the silicon dioxide film
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